Model-based systems engineering (MBSE) is well-known in gaining the control over the complexity of systems and the development processes, while agile is a project management methodology originally from software development that uses short development cycles to focus on continuous improvement in the development of a product or service. In this paper, we adopt the concept of agile into MBSE and then proposed the new approach -Munich Agile MBSE Concept (MAGIC). The highlights of the MAGIC approach can be concluded as 1) the requirements which have been defined in the first stage will be examined and traced at each following stages; 2) communication between every 2 stages always exists in order to have a close connection during each system development phase; 3) the idea of Industry 4.0 has been included and reflected to achieve automation and data exchange with manufacturing technologies; 4) the concept of IOT (Internet of Things) is also considered when it comes to the usage and service of the system to satisfy the customer's needs; 5) the whole spirit of agile is reflected as the iterative and incremental design and development
INTRODUCTION
Model-based systems engineering (MBSE) is well-known in gaining control over the complexity of systems and the development processes (Hooshmand et al., 2017) . The basic idea of MBSE is to formalize the system description as well as to connect the relevant information -needed for the creation of various artifacts during the system development -in a system model (Kaufmann and Schuler, 2016) . Furthermore, a standardized and formalized language like OMG Systems Modeling Language (OMG SysML) is necessary for the formal definition of the system (Friedenthal et al., 2015) . However, traditional MBSE approach usually works professionally for the project on a relatively large scale . Therefore, in most of the cases, MBSE approach consumes a lot of time. Additionally, the entire process chain with production and manufacturing stage as well as the usage and service stage are usually neglected. Moreover, as increasing implementation and integration have been applied to MBSE, it is noticeable that the requirement which builds up the foundation of the whole project should be tracked at the entire lifecycle of the development chain. Accordingly, to pursue a new approach, in many cases, seems necessary. Agile is a project management methodology that uses short development cycles called "sprints" to focus on continuous improvement in the development of a product or service (Cao and Ramesh, 2007) . Although agile methods were developed by and for software developers, the discourse on their relevance for other types of development projects has been intensifying the past years and receive increasing attention in the development of mechatronic products, however as the boundary conditions are different (e.g. virtual vs. physical prototypes) modified forms established themselves (Cao and Ramesh, 2007) . Therefore, in this paper, we intended to adopt the concept of agile from software development and combined with a MBSE approach into cyber-physic product design. A new approach -Munich Agile MBSE Concept (MAGIC) has been proposed. MAGIC concerns about the requirement at each stage of the product development lifecycle. Moreover, besides the traditional development stages such as system functional design, system architecture design, and system verification and validation, production stage, product usage, and service stage is also been considered in the entire lifecycle. Different from typical V-model used widely in systems engineering, MAGIC has the shape of infinity loop to demonstrate that process chain of each stage does not end when the product has been delivered and applied by the customer. On the contrary, it will keep going back to the first requirement stage when the user has new demand for the product.
STATE OF THE ART

Agile product development
To assure that evolving customer requirements can be met and costs from late changes can be avoided, companies increasingly develop products on the basis of agile product development processes. Agile processes are characterized by a sequence of iterative sprints, in which parallelized activities are undertaken. At the end of each sprint, an incremental prototype of the product or various subsystems is created so that during the entire process the degree of maturity of the product is continuously and successively increased (Lindlöf and Furuhjelm, 2018) . Each incremental prototype increases the functionality or features or confidence of the previous prototype generation. This enables an early evaluation of subsystems or components. The incremental development allows also for early feedback of customers. Agile development teams need to possess all the necessary skills to develop and validate the product. Popular agile approaches are briefly listed as a knowledge base for this goal:
Design Thinking -which focusses on gaining a deepest possible understanding of the end user's needs, and aims at a rapid conception of solutions, an implementation in prototypes and early testing for further knowledge gain (Brown and Wyatt, 2010) . Human Centred Design -which works with the users to gain a holistic understanding of the design problems that are addressed to develop systems, which are useful, usable and desirable for humans with the consistent focus on higher levels of humans' needs (Zhang and Dong, 2009) . ASD -Agile Systems Design is a holistic, structured approach for the agile development of mechatronic systems, the associated product strategy, validation systems, and production systems, consisting of principles, methods, and processes of PGE (Product Generation Engineering). It
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focuses on the consequent integration of PGE into the development process and creates a situationspecific balance between structuring and agile elements (Albers et al., 2018) . DevOps is one of the most famous agile approaches and combines software development (Dev) with information technology operations (Ops). The goal of DevOps is to shorten the systems development life cycle while also delivering features, fixes, and updates frequently in close alignment with business objectives. The DevOps approach is to include automation and event monitoring at all steps of the software build and is the combination of cultural philosophies, practices, and tools that increase an organization's ability to deliver applications and services at high velocity: evolving and improving products at a faster pace than organizations using traditional software development and infrastructure management processes. This speed enables organizations to better serve their customers and compete more effectively in the market (Bang et al., 2013) . INCOSE (2007) defines MBSE as "the formalized application of modelling to support system requirements, design, analysis, verification and validation activities beginning in the conceptual design phase and continuing throughout development and later life cycle phases. MBSE is part of a long-term trend toward model-centric approaches adopted by other engineering disciplines, including mechanical, electrical and software". MBSE is not only considering the different needs of different stakeholders (Anderl et al., 2012) but also supporting the entire development process (Weilkins, 2008) . In this section, we will make a short evaluation and summary of 4 widely use V-model versions to demonstrate the different aspect of product or system development methods due to changes in technology, organizational and social environment. Before we start the evaluation, a few questions regarding the characteristic properties need to be elaborated and answered as shown in table 1 (Gräßler et al., 2018) . The main aspects we are going to explore in existing V-model are marked in grey from question 7 to 10. describesthe transformation of requirements, which are presented as an input, into a system design. 2) The engineering in different disciplines, the domain-specific design process. 3) Integration of the disciplines on the right side of the V-model during the system integration, verification, and validation. (Gräßler et al., 2018) . Figure 1 (b) is the extended V-model from Eigner. He combines the model for the approach to development with a virtual and data-based approach . One of the highlights is the integration of a PLM backbone and the addition of an additional right wing for virtual testing which testifies a strong focus on model-based approach and virtual, hybrid or physical testing. Moreover, on the left wing, he adopts RFLP (Requirement, Function, Logic solution element, physical element) approach to decompose the system design process. Comparable to Figure 1(a) , in this Vmodel the "V" through the development process as well as the overall life cycle is shown. Figure 1 (c) is the V-model by Bender 2005 (Bender, 2005 . This V-model has divided the system into 3 level: system-level, subsystem-level, and component-level. It is noticeable here that the separation of the different domains does not take place at the top of the model, but already at the level of the subsystems. (Gräßler et al., 2018) . Figure 1 (d) is the V-model of INCOSE. It is illustrated as a sequential method used to visualize various key areas for SE focus, particularly during the concept and development stages. The "V" highlights the need for continuous validation with the stakeholders, the need to define verification plans during requirements development, and the importance of continuous risk and opportunity assessment (Walden et al., 2015) . (Walden et al., 2015) All above-selected models are well established in their specific applications and frequently cited for scientific publications. As we summarized in table 2, these models have some features in common such as verification and validation process (Gräßler et al., 2018) . However, these V-models also varies in many different characteristic properties. For example, VDI 2206:2004 focus on the application of the mechatronic system. On the other hand, Eigner's model is built up for MBSE and Bender' model focuses on embedded systems. In our previous work, we have also adopted the V-model in system development process of the digital factory and other use cases (Salehi et al., 2017) . As marked grey in table 2, we could see that current existing V-model versions didn't consider the agile concept, production and test stage as well as usage and service stage. Moreover, the requirement which is defined in the first stage is not able to trace in the following steps of the model. Additionally, when we use V-model as the method of MBSE, we could notice there are many challenges such as 1) non-uniform understanding of the overall system; 2) no consistency with regard to data, processes, and systems; 3) component-oriented thinking; 4) only discipline-specific models; 5) inadequate methodology; 6) lack of transparency and traceability of information; 7) a central system model for an interdisciplinary approach is not available; 8) there is a lack of formal and neutral languages, which are clear and interpretable. 9) Inconsistent relationship information. Therefore, in the following chapter, we adopt the concept of agile development method into MBSE and then proposed the new approachMunich Agile MBSE Concept (MAGIC).
Model-based systems engineering (MBSE) with V-model
(a) (b) (c) (d)
Figure 1. (a) V-model of the VDI 2206:2004 guideline "Design methodology for mechatronic systems" (VDI, 2004); (b) Extended V-model for model-based systems engineering (Eigner et al., 2012) (c) V-model by Bender 2005, translated from Bender (2005) (d) International Council on System Engineering (INCOSE) V-model
MUNICH AGILE MBSE CONCEPT (MAGIC)
MAGIC approach derived from the shape of DevOps infinity loop model and consists of 6 levels: system goal and requirement level, system functional level, systems architecture and logical level, system behavior analysis and verification and validation, system production and additive manufacturing and test, system usage and service level. In the following parts, we will describe each level in detail as well as the application of the MAGIC approach. 1. The system goal/requirement level contains all the customers need and wishes related to the product and its requirements . That means that the challenge during the first stages of the product development is to understand and to translate the customers need into technical requirements. A specification may refer to an explicit set of requirements to be satisfied by a material, design, product, or service. In the classical engineering approach, sets of requirements are used as inputs into the design stages of product development. Requirements are also an important input into the verification process since tests should trace back to specific requirements ). 2. The system functional level is a method for the understanding of the total product and to define the structure and behaviour of a system. A system is structurally represented by the functional or structural relationships between the individual components or sub-functions with regard to the technical requirements. With the creation of a functional system architecture, it is possible to identify the different functions in the entire system. Once the functional structure is illustrated, the technical system architecture is created with consideration to the functional structure. 3. System Architecture-Structure/Logical level includes components which have logical ports with the logical behaviour of a system. The technical system architecture of MAGIC approach describes a rough geometry, components design, and concepts. It defines "how" the functional requirement will be achieved -and there can be multiple ways to achieve the requirements. The required logical architecture to provide functional services . On the logical level, the realization of the functions through the interaction of mechanic, electronic, and software components modelled. 4. System Verification means generally checking whether the way in which something is realized coincides with the specification. When checking the validity of a program, reference is also made to program verification. The verification is generally realized in a formal manner. System Validation is to be understood as meaning testing whether the product is suitable for its intended purpose or achieves the desired value. Validation comprises, for example, checking whether the description of an algorithm coincides with the problem to be solved. It generally does not have to be carried out in a formal manner. Verification is the "confirmation, through the provision of objective evidence, that specified requirements have been fulfilled." (ISO 9000, 2015) . "Verification is a set of activities that compares a system or system element against the required characteristics. This includes, but is not limited to, specified requirements, design description and the system itself" (ISO/IEC TS 24748-1, 2016).
Verification proves whether the system is created right (NASA, 2007 , Balci, 2003 .
Validation is the "confirmation, through the provision of objective evidence, that the requirements for a specific intended use or application have been fulfilled." (ISO 9000, 2015) . Validation is the set of activities that ensure and provide confidence that "system is able to accomplish its intended use, goals and objectives in the intended operational environment." (ISO/IEC TS 24748-1, 2016).
Validation proves whether the right system was created (NASA, 2007 , Balci, 2003 .
5. System Production/Additive Manufacturing/tests level -In order to achieve automation and data exchange with manufacturing technologies, in this stage, Industry 4.0 will be reflected. It includes cyber-physical systems, the Internet of things, cloud computing and cognitive computing. Production and logistics get right to the heart of the supply chain, from sourcing raw materials to delivering finished products to customers. In this level, system/product manufacturing and the test will be carried out. Additive manufacturing uses data computer-aided-design (CAD) software or 3D object scanners to direct hardware to deposit material, layer upon layer, in precise geometric shapes. As its name implies, additive manufacturing adds material to create an object ). 6. System Usage/Service level -In this level, we could conceptualize it in three dimensions: usage frequency, usage function, and usage situation. The concept of IOT (Internet of Things) is also considered when it comes to the usage and service of the system to satisfy the customer's needs. The focus is the impact of these usage dimensions on different application scenario with customer satisfaction. System usage could include the following aspects:
-Usage frequency refers to how often the product is used, regardless of the product functions used, or the different applications for which the product is used.
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-Usage function refers to what extent the product features/ functions are utilized by the consumer, regardless of how often the product is used. -Usage Situation refers to the different applications for which a product is used and the different situations in which a product is used regardless of either usage frequency or usage function. MAGIC has the shape of infinity loop to demonstrate that process chain of each stage does not end when the product has been delivered and applied by the customer. On the contrary, it will keep going back to the first requirement stage when the user has new demand for the product. Additionally, we could notice there is also a small loop between each stage which indicates the short-term feedback exchange between adjacent 2 stages.
3 DIMENSIONS OF MAGIC
The 3 dimensions of MAGIC as we can see in figure 3 , are disciplines, tools, and systems, data and methods which also complies with the 3 dimensions structure of MBSE. These 3 dimensions describe the different aspects of MAGIC approach in product development process. Furthermore, based on different disciplines (mechanics, electric/electronics, software), the MAGIC approach in each field of discipline could interact with each other in different stages through information flows. Moreover, it is noticeable that the portion of each discipline takes a different amount. As we know, from the last 50 years, the importance of software is increasing largely. Additionally, with the development of an electric and electronic component, the involvement of software in this discipline is also getting higher. Design and design methods of this 3 disciplines should be put to the test and their suitability for a modern interdisciplinary design approach should be checked and integrated into an interdisciplinary Method and process. IT solutions are partially available, but require further development in terms of applicability and integration. 
Disciplines
-Mechanics: Mechanics is that area of science concerned with the behaviour of physical bodies when subjected to forces or displacements, and the subsequent effects of the bodies on their environment. Almost all procedural models established for mechanics assume a product development process consists of four main phases: requirements/task clarification, planning design, designing and working out, detailing (Eigner and Roubanov, 2014) -Electronic/Electric: The consideration of design methods in electrical engineering and electronics (E/E) gives a broader picture than in mechanics. Since 1) the very different applications in the field of electrical engineering and electronics; 2) the fundamentally different approach of the designer in electrical engineering and electronics with respect to mechanics, which includes a design level of the schematic design before the layout (layout). This schematic level already has simulated functional-logical elements; 3) the rapid technological change, especially in digital circuit design.
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Complexity and integration density are constantly increasing. The requirements for higher packing density, smaller structure size, performance, smaller space requirement, higher clock rate, and lower power consumption are increasing; 4) the evolution of automation techniques in terms of logical and physical design as well as verification (Eigner and Roubanov, 2014 ).
-Software: it can be defined as goal-oriented provision and systematic use of principles, methods, and tools for the division of labor, engineering, and application of extensive software systems. Due to the high cost of creating and maintaining complex software, the development is based on a structured process or phase and process models. These models divide the development process into manageable, temporally and content-limited phases. The software will be completed step by step. The phases are closely interlinked throughout the development process. In practice, methods that sacrifice the multilevel of system analysis, system design/concept, and subsequent implementation and testing are also used. These methods are called agile software development (Eigner and Roubanov, 2014) .
Tools and systems
Tools and systems are the means to handle, process and execute the data and information which are generated or collected during the system development process. It is significant to select the appropriate tool or system to build up a running environment for a different kind of data and information process. A proper tool or system can simplify the working process and accelerate the working efficiency.
Data and methods
During the carrying out each stage of MAGIC approach, the data has been generated or collected from the beginning to the end. Undoubtedly, we need to keep the valid data and work further. Besides, those data would be helpful to trace back the requirement or even perform validation and verification process.
MAGIC WITH MBSE
One of the core advantages of MBSE is transferring the document-based storage of data into a modelbased storage of data. In this way, the data can be accessed easier and the dependencies between data are more transparent (Hooshmand et al., 2017) . Therefore, the transparency of development steps, as well as the traceability of changes increases and the handling of complexity, improves (Kleiner and Husung, 2016) . The application of MBSE is based on three pillars as illustrated in figure 4 . System modelling by different roles and different teams establishes the foundation of MBSE. Methods, modelling languages, and tools are three crucial enablers for MBSE. .
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The method describes how the language has to be used to generate the actual system model. Previously, Estefan (2008) performed an extensive survey of six MBSE methods, which have been practiced in different industry projects (Estefan, 2008) . Since then, new methods, in our case-MAGIC approach, have also been developed by various organizations for their internal exertion of MBSE approach (Friedenthal et al., 2009 
CONCLUSION AND FURTHER WORK
In this paper, we adopt the concept of agile into MBSE and then proposed the new approach -Munich Agile MBSE Concept (MAGIC). MAGIC approach derived from the shape of DevOps infinity loop model and consists of 6 levels: system goal and requirement level, system functional level, systems architecture and logical level, system behaviour analysis and verification and validation, system production and additive manufacturing and test, system usage and service level. The highlights of the MAGIC approach can be concluded as 1) the requirements which have been defined in the first stage will be traced at each following stages; 2) communication between every 2 stages always exists in order to have a close connection during the system development phase; 3) the idea of Industry 4.0 has been included and reflected to achieve automation and data exchange with manufacturing technologies; 4) the concept of IOT (Internet of Things) is also considered when it comes to the usage and service of the system to satisfy the customer's needs; 5) the whole spirit of agile is reflected as the iterative and incremental design and development. The MAGIC approach benefits cyber-physic product design in many ways. For the further work, in order to verify and demonstrate the concept and feasibility of MAGIC, we plan to apply it to a comprehensive cyber-physic use case of Mars Rover development project.
